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INTRODUCTION
The subject of pollution is the focus of widespread public interest and is seen as a priority area for research in both developed and developing countries (Harrison, 2001) . Heavy metals, particularly, receive major attention due to their toxicity, accumulation in the biota and subsequent impact on the environment and human health (Yang et al., 2015) . Since heavy metals are natural constituents of the earth's crust, they normally introduced to the aquatic system through weathering of rocks, soil and volcanic activity, but the predominant pathway of heavy metals to the aquatic environment comes from anthropogenic contamination including mining, maritime activities and industrial, municipal and agricultural discharges (Bradl, 2005; ElMoselhy et al., 2006) . Sediments are the principal sink of metals in the aquatic system; they act as a reservoir, but also they can mobile and become a source for bioavailable metals to aquatic organisms (Gargouri et al., 2011) . The behavior of heavy metals in the aquatic system is highly complex, and mediated by biogeochemical cycle; therefore the knowledge of metal concentrations in water and sediments can be very important in detecting the sources and degree of pollution in coastal areas.
Red Sea is a semi-enclosed tropical body of water located between the Mediterranean Sea and the Indian Ocean (Morcos, 1970) . Water quality in the Red Sea is of growing interest from ecological and economic point of view. This unique marine body provides the habitat for one of the most diverse ecosystem on earth. In addition, it provides high economic value from fisheries production and tourism industry. The Red Sea region has been considered relatively free of pollution (Mansour et al., 2011) . However, due to rapid development of coastal area along the Egyptian Red Sea, the environment is currently under increasing threat from a wide range of human activities.
The published data on heavy metals levels in the Red Sea proper coastal area are relatively few (e.g., Hamed and El-Moselhy, 2000; Madkour and Dar, 2007; Mansour et al., 2011; Dar et al., 2016; El-Metwally et al., 2017a , 2017b . Most of the studies focused on intensively stressed locations, like marinas and harbours. According to these investigations, Hurghada shipyard could be regarded as the most impacted location, due to enormous land based activities in the coastal area like solid wastes, antifouling paints and desalination plant (Madkour and Dar, 2007; Dar et al., 2016) . The main harbours on the Red Sea proper (Hurghada, Safaga, Qusier) showed high levels of metals due to shipping activities, boats wastes, paints and oil spill (Mansour et al., 2011) . The shipping operation of phosphate is another source of metal contamination as stated by Madkour et al. (2012) in El-Hamrween Harbour. Mansour et al. (2013) found that tourism associated activities like landfilling operations and mooring boats produced elevated levels of heavy metals in Hurghada coastal area.
There are few data on the status of metal contamination in the intertidal areas and lagoons of the Red Sea. These shallow ecosystems play major ecological role in the tropical habitats and provide the fisheries and nursery ground for many fish and invertebrates. It is also the habitat of mangrove swamps, seagrass meadows and a lot of invertebrate species. Because of the high toxicity of heavy metals to marine organisms, particularly the juveniles, it is extremely important to monitor the availability of metals in these ecosystems. Therefore, objectives of the present work are (1) to investigate the distribution of heavy metals in water and sediments of some coastal lagoons and intertidal areas, in order to determine the contribution of potential sources of metal pollution on Red Sea coastal habitats, (2) to assess the degree of heavy metal contamination using contamination indices and comparing to background values and previous studies.
MATERIALS AND METHODS

Study area
The study locations were distributed along a wide area of the Egyptian Red Sea coast and corresponded to different environmental situations. Eight sites were selected on the Red Sea proper representing tourism, fishing and shipping activities; one oil production site on the Gulf of Suez; in addition to a site affected by urban and industrial activities at Suez City (Table 1, Fig. 1 ). Impacted by industrial and sewage discharge into Suez Bay, in addition to maritime activities.
Sampling
This study was manipulated during spring 2009 -winter 2010. In the field, each station was positioned using the Global Positioning System (GPS). Water temperature, pH and salinity were measured at each site using the Multiparameter hydrolab (Hanna Instrument; Hi 9828) . Subsurface water samples (20-50 cm depth) were collected seasonally in acid-washed polyethylene bottles, acidified and transported in ice box to the laboratory. Surface sediment samples (top 10 cm) were collected from the intertidal area using plastic spatula. Immediately after collection, samples were placed in polyethylene bags and transported to the laboratory. Then, sediments were dried to constant weight and sieved through a stainless steel sieve to pass < 63 µm fraction. Metals were analyzed in this fraction due to strong association and high bioavailabilities of metals with fine grains (Salomons and Forstner, 1984) . Sediment samples were collected twice "summer and winter" and the average was used as a representative for each site.
Metal analyses
Metal contents in seawater were analyzed according to Brewer et al. (1969) . Briefly, the metals were pre-concentrated from one liter of seawater using ammonium pyrolidine dithiocarbamate (APDC) as chelating agent at pH 3-4, after that the extraction was taken in methyl isobutyl ketone (MIBK) as solvent. The organic extract was evaporated and further heated with concentrated nitric acid, then cooled, filtered and made-up to 10 ml with deionized distilled water. For sediments, complete digestion method was used according to Oregioni and Aston (1984) . Dried sediment samples were left overnight in a mixture of concentrated nitric, perchloric and hydrofluoric acids (3:2:1) in Teflon vessels. The sample were then digested at 100 ºC for about two hours, cooled, filtered and diluted to 25 ml with deionized water. Metals concentrations were determined using Atomic Absorption Spectrophotometer (AAS model GBC A932 Ver. 1.1).
Quality control De-ionized distilled water was used to prepare all aqueous solutions. All chemicals were of high analytical grade; acids were from Merck, Germany. Whatman filter papers were used. All plastics and glassware were soaked in 10% nitric acid overnight then rinsed with distilled water prior to use. Samples were measured against acid blank. Accuracy and precision of the method were verified by analysis of certified sediments reference materials (SD-M-2/IM) provided by the International Atomic Energy Agency (IAEA), Vienna. Analytical results of the quality control samples indicated a satisfactory performance of heavy metals determination within the range of certified values with 90.4-97.5% recovery for metals studied.
Statistical Analysis
Heavy metal data in water were subjected to two-way analysis of variance to test differences between sites over time. Significant regional differences in sediments were assessed using one-way analysis of variance (significant values, p≤0.05 for all analysis). Prior to ANOVA, assumption of homogeneity (Batlett's test) and normality (Shapiro-Wilk test) of data were assessed. Duncan's multiple range test was used to further determine the position of the variance in significant results. For multivariate analysis, Pearson's correlation and principal component analysis (PCA) were conducted to assess possible metal association and the sources of heavy metals in water and sediments. Statistical analysis was carried out using software packages SPSS 18.0 for windows, and Origin Pro 9.
Ecological risk assessment
Several quantitative geochemical methods have been adopted to evaluate the contamination and ecological risk of heavy metals in marine sediments (El Zrelli et al., 2015) . Among most widely used techniques are the enrichment factor (EF) and geo-accumulation index (I geo ). Enrichment factor was calculated by dividing the enrichment of metal by enrichment in the background value according to the equation: EF = (Metal/Fe) sample /(Metal/Fe) background Geo-accumulation index was described by Muller (1979) as the following equation:
I geo = Log 2 [C n /(1.5 x B n )] where C n is the measured metal concentration, and B n is the background level. The pollution extent was evaluated over seven categories according to the scale proposed by Muller (1981) .
RESULTS AND DISCUSSION
Physical parameters
The levels of physical measurements were determined in sea water to indicate any significant influence on the concentrations of metals in water or sediments. In general, the values of pH ranged from 7.5 to 8.44. The surface water temperature varied from 19.1 in winter to 34.28
• C in shallow water during summer. The salinity correlated significantly with temperature (Table 7) and ranged from 39.7 to 43.0‰. As listed in Tables (7 and 8 ), the correlation between physical measurements and heavy metal concentrations in water and sediments were insignificant, except for the levels of Mn in water which significantly increased with higher salinity. These results indicated that, the heavy metals values were mainly attributed to direct input from various sources.
Heavy metals distribution
Annual concentrations of heavy metals in water are listed in Table 2 , and seasonal distribution is illustrated in Figure 2 . Generally, metal levels were in the following order: Fe> Zn> Pb> Cu> Mn> Cd. The distribution of all metals varied significantly among studied sites (p<0.05). Comparing present data with the previous studies (Table 4) showed accordance with analogous sites in Suez Bay (Mohamedein, 2002; El-Moselhy and Gabal, 2004) and Red Sea coastal area (Abouhend and El-Moselhy, 2015) . But these data were much lower than metal levels recorded in water and sediments of Hurghada Harbour and Safaga shipyard (Madkour and Dar 2007; Dar et al. 2016) . Harbours normally have high levels of metals due to direct effect of land-based wastes, antifouling paints and gasoline fuel from large number of mooring boats, in addition to weak water exchange in these semi-enclosed embayments with seawater. Also, the present results were lower than the data recorded in Suez Gulf (Hamed and Emara, 2006) , Korean coast (Na and Park, 2012) , Aegean Sea (Fytianos and Vasilikiotis, 1983) and Shantou Bay, China (Qiao et al., 2013) . Based on the background levels of heavy metals in sediments, the present study revealed high levels of metals comparing to the background value of the Red Sea (Hanna, 1992) , and high Pb, Cd, Fe, Cu (in most studied sites) and Zn (in sites RS2 and RS10) relating to the world average shale values (Forstner and Wittmann, 1979) . For the ecological assessment of sediments contamination, EF and I geo values are given in Tables 5 and 6 . The EF values indicated no enrichment of metals (<1) except Pb and Cd which showed low enrichment in most sites (0.7 -2.9 for Pb and 0.6-2.3 for Cd). The sediments of RS6 showed highest enrichment with Pb and Cd. Results of I geo showed that most sites were classified according to Muller's (1981) scale to be uncontaminated with Cu and Zn (<1), moderately contaminated with Fe and Mn (1-2), and moderately to highly contaminated with Pb and Cd (2-3). The site RS2 was moderately to highly contaminated with Fe (2.6) and Mn (2.2), while the site RS6 was strongly contaminated with Pb (3.8) and Cd (3.5).
To understand the sources of metal contamination in sea water, PCA was applied to data, which showed two principal components (eigenvalues ˃1) with accumulative account of 87.66% of all data variation (Fig. 3) . The 1 st PC was related to Cu, Zn, Pb and Fe; meanwhile, correlations between these four metals were significant (Table 7) . This pattern can be defined as anthropogenic component as it is coincided with high levels of these metals in water from Suez (site RS10). The 2 nd PC was related to Cd and Mn; it was probable linked to human activities (sites RS1, RS6) and natural input via occasional floods (Site RS2). In sediments, PCA analysis (Fig.  4) resulted in three principal components with accumulated account for 93.13%. One PC included Cd, Zn and Pb which was associated with anthropogenic activities in site RS6 (El-Hamraween) and site RS10 (Suez). This pattern also was indicated statistically by significant correlation between Zn, Pb and Cd (Table 8) . Another PC, describing anthropogenic source, included positive loading of Cu and associated with site RS10. The last PC had positive loading on Fe and Mn which was associated with natural contamination from site RS2 (Qulaan). This pattern illustrated common input source of Fe and Mn and was further indicted by highly significant correlation between them (Table 8 ). The present study evaluated metal hazard due to anthropogenic and natural sources of contamination in the coastal area of the Egyptian Red Sea. The major stresses were found associated with urban, industrial and maritime activities in Suez City (site RS10). In this site, high levels of Cu, Zn, Pb and Fe were recorded in water due to discharge of domestic and industrial wastes, in addition to antifouling paints and fuel from many boats in the Suez Bay. Naturally, these metals precipitate to bottom sediments through adsorption onto particulate matter (Salomons and Forstner 1984) and accumulated to high levels as recorded for Cu, Zn and Pb in the present sediment samples. The Results of site RS6 at El-Hamraween reflected the problem of ore shipping in the Red Sea; where sediments of this site were rich in Zn, Cd and Pb due to shipping operation of phosphate in the port. The loading operation involved immense clouds of dust which eventually sink in the sediments; this phosphate dust normally contains large amounts Cd, Zn and Pb as impurities (McMurtry et al., 1995) . Similar results were recorded by Madkour et al. (2012) in El-Hamraween and by Abu-Hilal (1987) in Aqaba harbour. Mansour et al. (2011) attributed high levels of Zn, Ni, Co and Cd in the harbours of Safaga and Qusier to the shipment of phosphate and bauxite. Regarding other anthropogenic stresses, effects of recreational activities (sites RS4, RS5 and RS7) and off shore oil production platforms (RS9) showed comparatively low levels of heavy metals in our study. In fact, recreational sits in the present investigation were under moderate tourism pressure, and controlled conditions in number of boats and coastal reclamation. However, earlier study (Mansour et al., 2013) showed high contamination condition (Fe, Mn, Zn Pb and Cu) in the sediments due to uncontrolled activities associated with tourism like landfilling and dredging operations in addition to high capacity of mooring boats and yacht.
On the other hand, the obtained results showed significant effect of natural input of heavy metals. Where, sediments of site RS2 showed highest content of Fe and Mn, which was attributed to natural input from Wadi Qulaan. Beltagy (1984) reported that the coastal area of the Red Sea received minor amounts of metals with terrigenous materials from weathering of rocks; these metals contributed to the background level in bottom sediments. Nevertheless, much higher amounts of metals associated with terrigenous sediments inter the sea via small wadis with occasional floods. In accordance with our finding, a previous study by Madkour (2005) attributed relatively high levels of Fe, Mn and Pb in sediments and coral reef of Wadi El-Gemal, Red Sea, to natural input of terrigenous sediments through streams.
CONCLUSION
Monitoring of the coastal area and identifying different sources of contamination are crucial for protection and maintaining of the fragile ecosystem in the Red Sea. In the present study, concentrations of heavy metals were determined in water and sediments along the western coastline of the Red Sea, whereas contribution of natural and different human activities in metal pollution was evaluated. The obtained results indicated that the anthropogenic source reflected metal specific area and/or metal specific source of contamination. Whereas, high Cu, Zn, Pb and Fe levels were found in location affected by different industrial wastewater, and high Cd, Pb and Zn values were associated with shipping of raw materials. Besides, the data of Fe and Mn revealed natural contribution due to input of terrigenous sediments. EF and I geo values of heavy metals in sediments of different sites reflected high levels of Pb and Cd in phosphate shipping site indicated strongly contamination condition; while Fe and Mn were moderately to highly contaminated in site receiving occasional flood.
Results of this study can be used to help decision makers in planning integrated strategy for protection and management of the coastal resources. Such strategy will depend on reduction of current pollution input, keeping recreational activities under control and establishing short and long term monitoring program for coastal area.
